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species  lrH2X(CO)(dppp).  For  dope,  all  of  the  coaplexes  are  aononuclear  with 
dppe  acting  as  a  chelate.  The  necessarily  cis  disposition  of  phosphine  donors 
in  the  aononuclear  chelates  Is  readily  evidenced  by  ‘M  ear  spectroscopy  of  the 
hydride  coaplexes. 

The  coaplex  lrH3{CO)(dppt)  is  found  to  praaote  the  carbonylatlon  of  ben¬ 
zene  to  benzaldehyde  upon  photolysis  under  CO.  This  arene  C-H  functionaliza¬ 
tion  reaction  appears  to  be  theraodynaulcally  Halted.  Long  tera  photolyses 
show  evidence  of  secondary  products  Including  benzylalcohol .  as  Mil  as  of 
coaplex  decoaposltlon. 
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Blnuclear  coaplexes.  oxidative  addition,  natal  hydrides.  HHR.  phosphine 
co^lexes,  chelates,  carbon- hydrogen  activation 

IStTanr  ‘  aiurtTnuci ear* VrtfluaTlV  ciitajll  'Kaftde  coaplexes  containing  the  I 
dl(tertiaryphosphlne)  ligands  Ph2P(CH2)BPfh2  ("“?•  4PP«;  n-3,  dppp)  have  been 
prepared,  and  the  fomatton  of  IrldlMUlI)  hydrides  by  Hp  oxidative  addition 
has  boon  studied.  The  blnuclear  coaplexes  [lrX(CO)(dppe)J2  (X  ■  Br.  II 
possess  trans  phosphine  donors  ulth  the  dppp  ligands  bridging  the  Ir(ll  cen¬ 
ters.  Addition  of  Hj  yields  the  tetrahydrlde  species  (lrf^XtCOHdppp)]?  In 
uhleh  the  trans  phosphine  arrangeaent  at  each  Irldiua  Is  aalntalned.  However 
upon  heating,  cleavage  of  the  diners  Is  noted,  lending  to  the  aononuclear 
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II*  Hydride*  with  01  (tertlaryphosphlne)  RHdgOS  ^  Cfc#,#t#f 


Richard  Clsenbtrg  and  tortif*  J«  ***** 
Departnent  of  Chonlstry 
University  ef  toclww 
Rochester,  Mw  *®rk 


- — ^  The  activation  of  sobstroto  Is  an  essential  staa  In  catalysis*  and 
generally  Involves  a  weakening  or  breaking  of  bends  within  the  sebstrate.  The 
effectiveness  of  transition  natal  cooplcxes  as  catalysts  Is  closely  related  to 
their  ability  to  perfom  this  process.  Sebstrate  activation  Is  often 
accenpltshod  by  donation  of  electron  density  free  filled  natal  d  orbitals  Into 
vaca*rt  antibonding  orbitals  of  the  substrata.  thus  perturbing  Its  electronic 
structure,  and  resoltlng  In  an  eel  dative  addition  reaction  If  a  sebstrate  hood 
Is  cleaved.  Catenas  of  electron  rich  natals  are  partlcolarly  effective  in 
activating  aebitmtes  In  this  nannar,  and  within  this  ganre,  ne  set  ef 
ceopleaes  has  been  nere  vlgerensly  ttedled  ever  the  past  two  decades  then 
these  ef  Rh(I)  and  lr(I).  Cowleses  of  these  d*  lens  passess  a  rich  oxidative 
addition  cheolstry.  and  are  active  as  catalysts  far  e  variety  ef  reactions 
Including  Hydrogenations,  Hydrofoil  at  Ion.  and  corbodylntlons.1  ^ 

Uhl  la  conpleaos  of  lr  ( I )  art  often  not  as  catatytlcally  active  as  anal- 
ogoes  Rh(I)  systans.  the  electron  richness  of  !r(l)  frogeently  yields  nere 
stable  sebstrate  eddects  and  oxidative  addition  products.*  In  this  context. 
Voska's  conplex,  lfC1(C#)(Wlij)|l  it  tspoclally  notable,  ondorgolng  reactions 
with  mtfoot  sebstratos  Including  Hj,  Ml  (Kl.Br.l),  Hal,  Rxbr.  ROW.  and 
kjSIH  anong  others.5  In  this  raoctfon  chonlstry  and  that  of  closoly  related 
analogs,  the  phosphine  11  goods  L  gworally  notnteln  their  trees  dtspoeltf* 
end  yield  stable  eddects  having  stmetoros  1  or  2  depending  on  tho  substrate 
XT  aed  the  nechenlsn  of  added  forootton. 
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In  this  paper,  we  describe  our  itiPUs  on  iridium  complexes  containing 
dl (tertiary  phosphine)  Upends.  These  Upend  tystana  nay  either  chelate  a 
s Inpie  natal  center  or  bridge  two  Ir  tons.  The  foneer  leads  to  a  £iJ>  stereo- 
chenl stry  of  phosphine  doners  different  free  that  observed  in  east  adducts  of 
Pasha's  coaplex  and  Its  ana I ops.  while  the  Utter  produces  two  aetal  centers 
In  close  prealeity  for  the  binding  end  activation  of  substrates. 

The  relative  tendency  of  the  dl (tertiary  phosphine)  Upend  systan 
fh2p(oi|)>PPh2  to  bridge  or  chelate  has  been  addressed  b y  San per  vhe  synthe¬ 
sized  «  eononer  only  whon  n-2  end  diners  vhen  n*1  and  3  via  sqn.(1).4  fonpoiwl 
2.  which  was  first  reported  by  Pasta,  fores  because  of  the  favorable  driving 
force  of  five -nenbe red  chelate  ring  formation. 5  Complexes  2  and  on  tho 
other  band,  nitntaln  what  soon*  to  bo  the  electronically  favorable  disposition 
of  trans  f  donors  with  the  creation  of  face-to-face  dinars  of  lr(I)  having 
ligand  sets  similar  to  that  found  In  Pasha's  conplax. 


[lrCl(cod))2  ♦  dhjKCHj^Wij  ♦ 
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Our  Intarott  in  dlntrlc  conpounds  of  this  typo  was  stimulated  by  tho 
notion  of  two  net  si  cantors  in  dost,  flat*  proximity  for  the  activation  of 


two  luostratas  sinultanoously,  or  for  the  activation  of  a  single  substrata 
using  both  aetal  centers  and  tholr  attendant  it's  (two  ad  .  gd  Ml  dative 
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addttlons  on  a  single  stftstrata).  To  Improve  the  orientation  of  the  two  d® 
metal  Ions  In  2*  we  devised  e  series  of  molecules  called  molecular  A-freeet, 
2.  In  previous  papers,  we  have  described  the  chemistry  of  sene  of  these  dppn 
complexes  Including  2  -  1ft** 


i  i  i 


i  u 


CcnaL>  i  I,  Mostly  actlaa  as  a  catalyst  far  tn.  Mtar  ms  skirt  raactlaa. 
am.<2).  bat  Itl  catalyst  Itfatlaa  It  ralatlraly  mart.  Camlai  JJl  farm 

CO  ♦  MyO  ■  COj  ♦  Hj  (I) 

ramrstkla  adducts  .1th  CO  an,  .1th  My  a«t  not  «1tk  bach  tta.ltaaaa.sly. 

Fart  Mar  stadias  an  tkasa  and  ralatad  h-frana  syttam  ara  la  prt|rm,l 

mi  la  tha  mm  llfmd  kaan  tka  tao  hriaata  aMI  cantart  la  class 
yrai tatty,  tha  mm  HmM  allam  tka  klmcimr  caml«*<  to  ta  mrt  flaalkla 
.Itk  mtal...mtal  dlstancas  ranftif  frm  '1.1  *  ta  >*  A.  Tka  ckmlstry  af  j 
Mat  racantly  kaan  axalarad  ky  Pffmlat  and  Mm,  aka  find  that  i  aaldatlmly 
adds  My  u  far,  a  atstar,  af  tka  dlkydrtda  [lryny<CO)yCly(aam)y].  U.  ana  tka 


trtr*hy<lr10n  21  >•  ad».(J>.* 


TIM  structural  attlpnwitt  of  JJ  aM  21  ar*  iwvM  tp  crystal l*|r*P»1c 
evlteace.  Loti  of  Hp  fro*  JJ  upan  facile,  and  tta  ItcmtH  ttertc  talk  at 
om  Ir  caatar  after  tta  first  wldetfat  addition  aaaaort  to  tahlklt  raact<oltj> 
at  tta  tacaM  natal  caatar. 

tta  ttoaiat  described  la  tMt  patar  aaa  tta  aark  of  Sensor  aM  npealet  j 

as  a  start  tat  paint,  tacaata  tta  tan  and  tedteadlota  of  Sasha's  Catalan 
aara  kaaaa  to  M  aara  reactive  than  tta  parent  chlara  syttee  IrCl  (CO){ff*3)2> 
at  caaasocM  stadias  an  tta  kran  and  lata  aaa  laps  af  J.  Tta  cantast  la  ah  let 
aor  stadias  aara  aadtrtakaa  aas  tta  dmleptant  af  Hj  radactlaa  catalysts  far  J 

C0p,  a  fsal  that  still  ratalas  ta  ha  raactad.  haaad  aa  Harsaaalti'  aark.  It 
aas  kaaaa  that  electron  rich  lr(l)  cantors  art  caaahla  af  raactlas  aith  CBp.P 
lit  aavltlanad  that  tta  prasaaca  af  aaarhp  hrdrldat  aa  a  taraad  total  caatar 

I 

aaa  id  facilitate  tta  das  1  rad  radactlaa  af  haaad  COp. 

Tta  InaasttpKIaaa  sales  at  aatltaa  hard  faclata  stadias  af  Maaclaar 
dps*  caap lasts  sad  tta  kpdrttaa  talc*  thagr  farm,  tta  claasapa  af  thaw  dhaprs 
lata  aaaaaaclaar  spaclas.  aad  tta  faftatlw  and  raacttaa  chtalstrp  af  pratl- 
aaalp  adman  aaaaaaclaar  caapltaaa  caacalalay  aaly  aaa  Mae  llpaad.  tat  of 
that*  tat  tfttaaa  apaa  Irradlattaa  act  i  sat  at  arena  c-d  heads  aad  arpaptat  tta 
faraatlaa  af  haaialdakpta  aa*  haatyl  alcatal  Iran  aaaaaaa  aa*  tpactaalt  pas. 

This  raacttaa  represents  aa  la»trtt*t  aaaapla  af  C-a  hand  fanctlaaalliatlaa. 


The  Irldlta(l)  aalon  [tr(CO)phrpl-  as  Its  ;-hoa«*  «*'t  tanas  as  tta 
coaraalaat  startle*  aatarlal  far  tta  praparatloa  of  the  non*-  aa*  hlaaelaar 
catalasas  *»  Irldlaa  rsporta*  tar*. 

Mao  Catalaaat.  The  rata  taaparatara  reaction  of  (n  ha««)tlr(ai)f*rfj  alth 
tap*  la  aeatoaa  tadar  Up  leads  to  tta  no  1st  Ion  of  CO  aa*  tta  assaatlolly 
daaatltotlsa  prsdactlw  af  tta  pal*  ration  ctaploa  [lrp*rp(ce)p(#pp)pj.  il- 
Tta  dinar  1c  stractar*  ta  JJ  It  ottlpaod  has**  a*  oltaaatol  eaolysas.  a  slaplat 


U  »  -  hr 
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at  <  IP.OI  la  tta  J'h  ear  epactnas  of  tta  cotaloa.  •"*  k»  otala*  nlth  tta 
chlara  cm*1*i  J  rapartaa  a*  Wpf-  '*»  “  "•***  Jl  •"  **"  '*  * 
eriaatotlea  hecoosa  ta  tea  •(*•.  at  1**d  ata  l»H  car'.  Tta  <"•*•  **«*'«  H 
It  prapara*  hy  art  a  that  Is  tela*  a  IP*  fold  tecara  ta  HI  ea*  a  tlarry  ta  tta 
chltn  cata'hs  J  la  heaeaee  aa*  kata*  aa  tta  flapl.  «C0  «  u 

astlpaa*  a  ttracton  olth  CP  H*aa*»  la  tea  trans  orientation  «  Idea*  la  J. 

Tta  osldatlra  ataltlaa  af  Up  to  JJ  aad  JJ  »!•'*•  Maaclaar  hp*rfde 
catalases.  Uadsr  I  tta  Np  la  CHpCIp,  JJ  "*  Jl  tntntadrlta 

catalases  JJ  and  Ji-  Tta  farohtldn  *f  JJ  Tn  TW  at  »*C  Is  assent Islly 
caaplntn  althla  I  hr  enta*«<  «lth  Id  hr  for  tta  Conation  ta  Ji  an*  tally 
tMsaliti  conversion  ta  tta  chlere  conplas  J  to  It*  totrahy*rl*o  JJ  M*sr  ta* 


[IrXCOHOm)],  *  2Mj 


«J  <0 


U  X  •  Br 
H  i  •  i 

I  MM  Condition*.  TM*  Observation  IS  consist**  with  the  aottOO  Of 
roe ctlvlty  with  halide  ligand  In  tha  order  Cl  dr  <  I.  Ouldetlve  addition  of 
only  a  single  mlecula  of  H*  to  il  to  yield  the  tr( t)-lr(lll)  dihydride  H  cm 
bo  accomplished  by  using  only  ana  equivalent  of  Nj.  (a  acetone,  tha  reaction 
of  JJ  with  Hg  yields  a  nlature  of  ii  and  Ji  because  of  tha  lahewoganeout 
natura  of  tha  reaction. 

Tha  bl  nuclear  hydrides  -  XL  anr*  characterized  spectroscopically, 
and  relevant  data  are  presented  In  Tablo  1.  Tha  bydr  Ida  re«1an  of  tha  In  anr 


spectrun,  at  Illustrated  in  figure  1,  1»  particularly  Informative.  showing  far 
aach  species  two  triplet*  af  doublets  separated  by  *  9  pm  Indicating 
chaartcatly  different  hydrida  ligands.  Tha  triplet  splitting  at  each  cheat  cal 
shift  Is  13  Hz,  and  Is  daa  to  coopting  to  two  equivalent  p  awtldl.  Tha 
dowhlat  splitting  Is  3  Ha  and  Is  daa  to  dpi  between  tha  two  hydrides. 
Hooenvcleor  dacaapllng  of  aach  triplet  resalts  In  tha  lass  of  dawblet 
splitting  at  tha  other.  These  observations  are  consistent  with  'hrtcro* 
structure  A  In  Which  the  phosphine  doners  ora  treat. 


Additional  support  for  our  Interpretation  of  tha  Im  w  apactral  data 
fi  Miinl  t»  wl oar  «•  tM  tM  mwlMr  kron*  comI.m* 
lr*JI(CO)(kkki)j  Mick  pttmi  tiMitrr  Ik.  I.  nr  VKtr!  .r  ttou 
cimImm  li  MM.tl.lljr  tkk  u.  n  «  Mum  for  Ji  -  li- 

*  «J  tiff  MOM  kjrOrlM  mun  It  MtalnM.  Inr,  Mm  a  raactloa 
mIMIm  If  lr(ca)tl2-  a  MM  It  trMtM  Mtk  Kj,  trior  to  InUMt  altk  Hi, 
•  cOMl.a  MU  kt  IMlktkO  Mick  Mklkltt  ^0  kt  BMO  MO  IMS  0-1  MO  a 
>lk|lK  la  tkk  II »  Mr  iMtn.  at  <  -M.i.  Ik.  Ik  Mr  SMCtnw  oMalMO  *on 
tk.  kOOItlM  kf  0}  II  MM.  In  ll§.  t.  Ik.  Ml.  rMtam  of  tkt  kjrOrlOt 
Mttm  ara  tw  from  k»  fmmmcm  nparataa  M  •  t  «M.  mm  at  Mick  li  • 
*f**0  MMIkt  ■(  OMklktf  MO  tko  at  Mr  a  am  cmUiiim  Mlttplit.  TM 
iMctrM  n  coniittM  Mtk  dMcillr  Olffarm  r  mci.i,  aM  tko  MfkltaOa 
of  tko  lorfor  MMlK-ar-MMItti  Mllttlix  dp.,  -  IM  Hi)  mmu  tkot  mo 
•t  tko  kronon  it  urn  to  •  mmmim  omot.  -liter.-  uractm  I  u  cm. 
ititMt  «1tk  tk.  Ih  Mr  Multi.  IM  MCMO  krOrlM  l«  lacttM  traat  to 
IMIO.  MMO  m  Itt  ckwtckl  iklft. 
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Tk.  TMctrMCMlc  OM.  rnrlot  tk.  Malt  for  I  CMIHM  tatarprata- 
tlM  If  tM  rmctlkM  iMOl.lm  lr(CO)t|t-  .  #M  aM  n»  «  M.  ,*.(»). 
Tk.  Initial  prpoxt  karri  of  pc,  tO  MM  MO  TMi  Mrl  If  MMMtltor,  Milk* 
tko  at  Mr  mm  comIomi  forMO  to  omIoiom  raoctloM.  aM  tk.  im  ctrkoMl 
itntckoo  I  Ml  c«.  i  clt  oltmltlM  M  a  IlfMOi  la  tM  cmpIm.  Tklt 
caMlra.  lrl|C,)}(Mpp),  it  mlfMO  ttnctin  J§  vitk  •  cMlatlat  n  (tart  ton 


phosphin)  Thr  «!«»!«  to  th.  "I  oor  v*arm  of  JJ  oty  ho  iKrtW 

to  itoroocl—tcol  norUIPtty  of  toll  fix  coorptooto  P»  cpoctn.  tho 
rooctloo  of  J!  ottb  Hj  I00O1  to  loti  of  CO.  .bleb  It  dotoctoO  to  ttt  lot  photo 
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ohoto  ttt  oolottoo.  ood  to.  fonotloo  of  JJ|  -tch  W«>m  >1cro-  ltn.tr. 
f.  Altomtf—  btoocloor  for—lptton  of  JI  no  JJ  otth  hrtpplof  #— 
to  tit  Ooott tool  of  tko  coorptntloo  »0>«ro  on  rot—  tot  haoop  00  ht^ly 
■ofonrablo  ttorlc  totorocttoM  Mb—  oot#bono|  PtphooylphocpMoe  mo—, 
a—  oofil lot  rooctloo  choolotry  OMoroM  ootop  #—  obtck  to  Plicut—  boloo. 
Cltotloo  — o  Ompooo  Wootloor  tool-  Woo  CHjClj  solution  of  tko 
btoocloor  MrtOo  conloo  U  to  rofloooO  for  ootoaooO  tton  or  hootol  to  tko 
prouoco  or  Mt]  for  okortor  tkoot  (l-S  bn),  0  otrtbtof  ckoofo  occon  to  tko 
hyprtpo  roftoo  of  tko  111  oor  onctnoo.  Spoctftcalty.  tko  totooooroi  ckoroc- 
tortottc  of  omofoooot  l  oro  roptoe—  by  tkooo  conlttott  otth  irnii|iotof  1. 
Tko  choofo  froo  tron  tt  cto  f  —tort  occon  ottb  o  c1oooo*t  —  tko  btoocloor 
byPrtOo  ifiw  to  tho  oooooocloor  itroeton  £  ot  —  to  o—.(t)- 


h 


a 


<•) 


Tko  lock  of  totbirtty  of  21  it  o  btoocloor  tpoctn  oot  oorprlttop 
ttoco  ftfoolot  oM  bool  hoc  ooplayoo  bonkor  cooottton  to  tkotr  byorofooottoo 
ooporloooto  ottb  [Irt1(C0)«ppp)li.  J,  OPl  boo  oot  oboonoO  oor  ntoooco  of 
ptoor  clooMpo.  ooroovor,  noctlon  or  ■  toiler  cooplooot  Mvtof  op—  brtopoi 
o—or  o  oprlpty  of  cpoOtttpn  upoo  roio.1.0  op  tomoocj  of  tkooo  oloon  to 
brook  op on  toto  OOP— one  opoctoo.  lor  ohoonottoo  of  ptoor  cloonpo 
p rotten  oo  t— ortoot  covoot  to  ctoOln  botop  to  estop  pt-  no  po  ly(torttory 
pOoipbtoo)  ItpooPc  to  holp  too  or  ooro  —tot  otooo  topothor  to  oyttooo  bottop 
ttroctorot  lotoprtty. 

Coot  Cooolooot.  lo  prPor  to  provtpt  opptttoool  topport  f«r  tho  itroeton) 
onl—to  pf  ot  oooooocloor  opoctoo.  tho  pootopow  oo— loon  otto  po¬ 
lo  ploco  Pf  Pppp  ooro  orotbntHP  oof  ckoroctortcoP.  tko  tiptop  — o  ohm  # 
flock  motor  fto—mr  tpoorpo  cho lot  loo  Choc  ppn  4— ,  top  nly  roroly  form 
o  brtppp  >n— MI  too  —toll,  tko  ooo  oooooocloor  0000(4—)  coop  lain 
(.(«)*(«— ).  £ (Mr)  oof  £(«-().  ooro  pnporap  hr  rooctfop 
(0-PopP)Clr(C0)plt]  ottb  Op—  to  roftootop  tkF  or  Oootooo  occorptop  to 
opo.(T).  fprootln  of  1  lo  tkto  rooctloo  r  too  or  bo  tootPoP  hot  t—  top 
Piffprpot  prppoctt  c—  bp  —oily  ooporotpp .  Con loon  £  pop  £  boot  oory 

- -  'tr' 

CO 


0  *«»r 

B  k  •  t 

•tottor  tppctroocopie  pn— ' nipt  (ooo  Tpbtp  I),  tho  ttoplp  xo  of  II*  co*' 
fir  £  top  1  tho  co-1  fy  £  oop  thp  too  Poohlptt  lo  tho  HP  oor  tpoctrm  pf 
foch  cooptto  ptmIm  eomte'tp  ntpooco  t*tt  £  top  £  oro  otoooocl— r 
oooo(pp— )  iPPciot. 

Solution  of  tho  ortopo,  opotro  olooor  |r(1)  e-loon  £  pop  £  to  TKf 
or  OtjCIt  rtoct  totrpool/  nploly  otth  Of  to  foro  tho  oooooocloor  PtoyPriM 


ifKlM  22  and  24*  respectively. 


ise  ufliiM  <n  readily  Isolated  as 

p 

"l  N1 

CO 


1950  and  2040  crl,  respectively.  In  dost  parallel  with  Jft. 

Preparation  and  Characterization  of  IrHi(COHdppo).  The  tri hydride  ccnplex 
,r#3(C0)(dppe).  Is  a  particularly  Interest I np  tapiwi  which  «as  prepared 
according  to  eqn.(9)  by  the  reaction  of  NsONp  in  ethanol  with  CHyCif 
under  H2.  This  conplex  was  Isolated  as  a  tan,  air  stable  powder,  and  when 


22  X  -  Or 

21  x  •  i 

colorless  crystals  h  the  addition  of  ItOH  and  renewal  of  solvent.  Coop  loses 
22  and  21  are  spectres  cop  leal  ly  slallar  to  complexes  Jft  and  2ft  (too  Table  1). 
The  hydride  roe  Ion  of  the  lH  ear  spectra  of  22  Is  shown  In  Flpure  3-  The 
‘downfleid*  hydride  resonance  ts  0  dewbleC  ef  dewblets  of  dowblota  (J^p 

tram 

•  130  Ita;  ■  If  Hx;  M-h  •  4.5  He),  and  Is  saparatad  fra  the  "apfleld” 

hydride  nulttplet  hr  9  ppn.  Irradiation  of  the  «f1*)d  wltlplet  reswlts  In 
less  ef  the  MMllest  dewhlet  spllttlef  In  the  dewefleld  hydride  resonances . 
leevlnf  «  dewhlet  ef  dawhlets  pattern.  The  ohtorvetlen  of  hydride-hydride 
covpllnp  for  22  *hd  2i  represents  the  only  difference  In  their  In  m r  spectra 
fra  those  observed  for  the  one  1  spews  dppp  cewplewes,  2ft  and  2ft* 


The  addition  ef  Hy  to  ftl  and  22  **  rovers Iblo.  as  Is  the  eddltlen  ef  CO 
to  fern  the  five -ceerdl note  di carbonyl  canplanos  2ft  "*  21  which  are  eeel opens 
to  Jft.  eqn.(O).  Reflwxlnp  TNF  or  banana  solutions  ef  these  adducts  end or  Up 


IrX(CO)(dppt) 


CO 


»— «rC 

I  xco 

CO 
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a  ■  *0r 

a  *  •  1 


CO 
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*V  *  "2 
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22 


recrystalllxod,  Is  colorless.  The  hydride  replan  ef  the  In  ear  spectra  ef  22 
Is  shewn  fn  flpure  4  and  hated  on  the  aplictfwp  pattern  observed,  e  facial 
confl p»ra t ton  far  tha  hydrides  con  he  esslpnod  wnanhlpwewsly.  The  apical 
hydride.  He,  Is  welpne,  and  is  els  te  the  2  P  diner  atom  of  dppe,  ylvlnp  rise 
to  the  triplet  et  «  -  -10.01  ppn  (Jp^  •  19  Hx).  The  equatorial  hydrides.  %, 
are  chmlcally  equivalent,  (I  -  9.27  ppn)  end  ere  split  by  e  trees  P  (Jp_p  • 
124  Hi),  e  els  P  (Jp_p  •  -12.2  Nh)  and  each  ether  (4.5  Hx).  A  cenpwter 
stnwletlon  ef  the  hydride  replan  confirm  those  atstpmente  end  Is  shone  In 
Ft pore  4. 

Me  found  that  cenplex  22  Ihm  Hy  both  thormlly  one  phot  echini  colly, 
with  the  rote  of  phot  opene  rated  loss  nech  proa  ter.  This  was  denonstretod  by 
phototyxlnp  22  In  honiana  dp  solution  under  0y  end  00.  end  mnltorlnp  the  *H 
mt  spectral  chenpes  with  tine.  In  reactions  under  Oy  end  CO.  only  the 
hydride  rep  ten  of  the  spectra  nos  effected.  After  short  photolysis  Ones 
(20  n)  or  lonper  thernol/sls  tines  (2  h).  the  owterast  dewblets  of  the  -9.27 
ppn  resonance  were  tosnrved  to  Idee  their  hydride-hydride  cnwpliep  es  shewn  in 
Ftpere  4,  end  the  Intopretod  Intensity  if  the  hybrid!  resonances  decreased  by 


leads  to  loss  ef  the  addend  nelecwle  end  repene ration  ef  2L  •r  22*  The 
dtcarbeny)  cnwplexe*  2ft  and  2ft  nehlblt  tot  wy'i  at  I9d0  and  2040  and  at 


1 


t 


'  SOI  relative  to  the  dppe  retwwcx  of  the  ceeplen.  After  2.S  A  of 
photolysis,  only  traces  of  the  hydride  resonance*  raalned,  Indicating  that 
deuterluo  Incorporation  was  essential  ly  couplet#,  convert  Inf  A  to 
Ir1>3(C0)(dppe).  A*  This  conversion  requires  •  A  theme  11y.  The  IK  spoctrtea 
of  the  Isolated  product  (see  Tahle)  toyether  with  the  nor  data  support  the 
f emulation  of  cobles  A  **  Ir03(C0)(dppe).  MAan  a  dissolved  In  CgHg  Is 
pAotolyzed  under  Mj,  ft  Is  converted  hack  to  the  tH hydride,  a* 

Photolysis  or  themolysls  of  A  In  Aeniane  under  CO  leads  to  the  rapid 
appearance  of  a  new  hydride  resonance  at  I  -  10.3f  ppn  (ft)  acconpanlad  by  naw 
resonances  In  the  aethylene  and  phenyl  replans  of  the  spoctrwe.  After  2.5  h 
of  Irradiation,  all  resonances  of  A  roploced  by  ones  associated  with  the 
now  triplet  at  -10.3d  ppn.  (The  thomal  reaction  is  conpleto  In  t  h.)  The 
phenyl  and  nathylene  reylons  In  the  1«  anr  spectra  of  this  notorial  are 
naorly  Idantlcal  to  these  of  the  five  coordinate  Ir(I)  cenploa  lr!(C0)?(dpp«). 
it  *K*1ch  form*  hr  00  addition  to  A-  A  larger  scale  photolysis  of  A  under 
CO  allows  Isolation  of  this  now  mt trial  which  wo  Identify  as  im(C0)2(dppe), 
&,  based  an  nnr  end  IK  spectral  date,  loth  A  A  exhibit  only  sharp 
s 1n«ttts  in  their  31P(1h)  ear  spectra  Indlcatinf  equivalence  of  the  twe  Oppe 
P  donors  in  each  ceeplex  at  roan  tanpirat era.  Co^loi  A  •>»»  ho  pro- 
pored  fra  A  •"*  4*4'  o"d»r  o  CO  fospAiro  tn  absolutely  dry  solvents. 

The  f emotion  of  A  A  *  Photolysis  or  thomolysls  of  the 
trihydride  A  Mder  Oy  and  CO.  respectively.  It  canslstont  with  tho  redact Ive 
eliwl  net  ton  of  Ife  free  A,  panerating  tho  rooctlvo  4  coordlneto  spoclot 
im(CO)(dppo).  A*  than  odds  Of  or  CO  at  Mown  In  oon.(10).  Thn 
fnmrtlon  of  tho  trlOewterlde  A  roqelms  at  loost  two  passes  throw*  tho 
rodwctfvo  allwl nation /oil dative  addition  too wanes  in  eon. (10)  with  prodectlon 
of  ono  equivalent  of  NO.  Tho  photochowlcally  pmeetod  reductive  ellwl nation 
•f  Of  fra  natal  polyhydrldts  Is  now  wall  docawntod.  and  hot  boon  fownd  In  o 
nw*or  of  casos  to  gwierete  MfAly  reactive  species. 10 


0 


CO 


The  proposed  fowr-coordlnate  Ir{ I )  Inta mediate.  A*  **  reactive  to 
other  substrates  Includlnp  boo lent.  When  o  benzene-dp  solution  of  A  1* 
photolycod  under  hj  or  vectww,  ■  chonft  In  tho  hydride  spectra  slnllar  to 
that  soon  under  D|  os  shown  In  F1«.  4  Is  observed  after  to  n,  alony  with  a 
cor respond inf  loos  In  tho  Integrated  Intensity  of  tho  hydride  resonances 
relative  to  those  of  dppo.  This  result  Indicates  Mot  dowtorlwa  incorporation 
Into  A  **  taking  place  with  the  solvent  serving  os  tho  dewtorlwa  source. 

Although  a  phenyl  hydride  species  A  corresponding  to  tho  o«1  dative 
addition  product  of  binaano  to  lr*(C0)(dppe)  Is  not  soon  directly,  the 
observed  H/D  exchange  Is  west  readily  obtained  by  Its  interned  lacy. 

N(D) 

it 

CofhonrlotlQA  of  Inane  to  Penza ldohvde  The  pr*osoi  existence  of  A 
stlwulatod  further  experlwents  to  datomlao  If  CO  Insertion  and  ellal nation  of 
carhonylotod  product  coold  be  eooo.  This  was  Indeed  the  case,  lo  oil 
pAetelyses  of  A  Ia  CgOg  under  CO  or  C0/N?  wlxtore.  o  now  resonance  In  the 


«r  apactnoi  at  a  9.b3  ppa  an  obtecved  aktck  It  atflyaakld  to  kaauldakyM. 

Tko  Mly  attar  obstreod  ckaaya  t»  the  Ih  Mr  tpactrM  an  coaplete  cMvortIM 
of  H  to  a  at  aotad  akaaa.  Caparlaaatt  am  00O0  ta  CMftm  tka  fomtlM  of 
OoauldahyM.  fhetelytlt  of  Ji  to  Cy*  aadar  MO  tarr  00  fetlonad  ty  ft 
analysli  of  tko  wlattlot  tkoaod  kaauldakyM  yrtoaat.  TmMoat  of  tko 
eolatlltl  aftfc  toaicarkoalda  yielded  a  aklto  cryotalllM  oatortal  Mick  aat 
tkoaa  ta  ba  kaauldakyM  taalcarkazoM.  la  all  caaat.  tka  aaaaatt  of 
ktauldakyM  Oat  octal  by  yc  OMlyilt  am  omII  (M  M  oftor  •  k  of 
pkotolyitt).  Tko  coitoarlatlM  rooctIM  Mot  oat  aooaar  to  ta  tkanally. 

Mm  £  la  CfHf  aadar  Mt  tarr  C8  It  kaatad  at  tO*C  f or  5  dayi  aa  tvldaace  of 
fcaaaaldakydo  foraattM  If  fkaad  kr  altkar  tc  ar  Mr  aotkodt. 

Tka  fonaatlM  of  MauldotyM  otM  £  la  pktcolyiad  la  kaaaaM  aadar  CO 
ladlcatot  tka  occorroaca  of  ada.(ll),  oM  ratraadatt  aa  Mataal  aaaatlo  af 
C-N  fwctloaalliattaa.  Tka  aat  1 1  aaaaatt  of  kaaaoTdakfM  foraad  My  ko  tko 

On,  • "  •  or 

malt  of  Mfaaoraklo  thanaoMaaotct  for  au.(H).  *  calcaloto  as*  aad 
at  Jtrc  for  ota-(TI)  m  *1.7  teal  Mala  ladMi  I*-*  ata-l.  noyactlvoly. 

It  akMld  to  aotad  tkat  Mcortalatloo  la  aatropy  atlatt  far  lltatd  koattM  aad 
kaauldakyM  yaralt  a  raata  af  at  aad  >  nalaoa  to  to  colceletM,  bat  la  oil 
catat  tko  raecttaa  It  tka rMpraial colly  Mfaaoraklo.  Ihlt  attlM  It  tMflraad 
akoa  tko  trlkydrlda  &  It  ykatalyaad  la  CMt  la  tka  pfotolM  af  CMC*  *dar 
Ti-rr  kltkla  t  ala.  tko  fomtlM  of  tko  dlcarfcaayl  Ifocla*  U  not  aotad, 
aad  oftor  •  art.  tko  caaamlM  of  n  ujM  COM  lota  aad  tko  kaatoldakyM 
tad  dtcrtatod  ta  a  atoll  tat  nb^atlvely  ttoakr  atlM  altk  o  coat  aat  toot 
tacrooM  la  tka  kaaaaM  roaoaaaeo.  It  tkat  appoarod  tkat  tka  aoalllkrlM  of 
ota. (II)  an  tolat  adfroackM  fna  oltkor  dtroctlM. 

dttaaptt  Mr*  tma  atM  to  datantM  Mt  Md  al  of  (II)  oMOrtaaototly. 


Hoaoaor,  yc  OMlytlt  of  MlatltM  fna  yroloaytd  trradlatlM  (>Jk  koart) 
rowalod  a  too  product  aktck  Dot  kaoa  Idoatlflod  hr  yc  aad  ear  tackaltmt  to 
ko  koatyl  alcohol.  Ikll  malt  aay  yrova  ta  ko  klykly  tlyalflcoat  tlaca  tko 
redact  loo  af  kaauldakyM  to  koatyl  alcokot.  aqa.(ll).  <t  theroo»aMl  tally 
favorable  (at  It  kotaota  -load  4  keal/kolo  dayaadlay  M  tko  oatrayy  valmt 
atad). 


Tka  raactlM  My  that  tarva  at  o  coovMlaat  Mala  far  anlllbrlM  (11)  ta  tkat 
kaaaaM  ca/koaylattM  cm  yrocood  yrodoctlvoly.  Mayor  tore  yfcotolytot  of  U 
•a  CyNy  aadar  lit  CO:Hj  (MB  tarr).  koaaaar.  roaoal  Mly  tka  fOraatlM  af  *  * 
ayalMlaatt  or  kaaryl  alcohol,  kklla  tko  Mly  lr  coaplM  datactakla  ayyaan 
ta  bo  q.  Mick  cm  raaatar  tka  catalytic  cycla  by  dltoaclatlM  of  OB. 
addltlMal  yraiaett  m  faraod  la  theta  laayar  tana  aayarlaaatt  pit  krt)  at 
ovidtacad  ky  tka  Bmlayaaat  af  yollM  aad  mayo  colort  la  tka  raactlM 
talatlM. 

Farther  ttadlat  ta  oaaalM  tka  trlkydrlM.  £,  aad  tka  dtcarkaayl 
kydrlM,  Of  M  catalytti  far  ama  C4  Mod  faactlaaalltatlM  m  caatlaalay. 

SSBO. 

la  tklt  payor  aa  km  taaalaad  tka  tyatkatlf  aad  ckaractarliatlM  of 
IrtdlM  kydridot  kavtay  dlportlory  pkoopklM)  llyoaM  at  krldyot  aad 
cholatM.  tlaaclaor  Mya  krldyot  ctaylaaM  of  ferula  tinwcOKByolk 
okm  >  -  Br,  I  yactett  tka  pkaayklaa  Mam  la  tma  dltpMltlM  at  Maoa  ky 
In  car  ayoctroacayy.  kpM  kaotlay.  tkat#  dlatrt  cbm  lata  aaaaaarlc  apaclot 
af  tko  taM  ttalcklaaotry.  Tka  MB*  ctaylaaM  art  all  Maaaocleer  aad  caatola 
a  ckalatM  dl (tertiary  pkotyklM)  llyaad.  Tko  tltkarta  nrayortad 
lrl(Ca)(dpya)  I  •  Br.  I  caMlaaM  km  km  deter! kod  at  kei  tkalr  raactlM 


chMlstry  to  for*  reeerslble  adducts  with  CO  and  Hg.  Tilt  trlh/drtde  caaplea 
lr*j(CO)<dppe)  In  CM  under  CO  loads  to  the  foraetlon  or  beattldehyde  In 
POMIb'J  therwodynenlcelly-llelted  amts.  An  Intrljulnj  observation  under 
continuing  study  Is  tko  stdisoqutnt  connrslon  of  bancaldehyde  to  bentyl 
alcokal.  These  observations  roe  resent  an  laportant  eaaaple  of  C-H  bond 
functlonolltetlon. 
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Table  I.  Spectroscopic 

Data  of  Iridlua 

dppp  and  dppe  Complexes 

Compound 

IR(c« 

»-!)* 

31 P  nor 

>H  rwr  (Hydride  region  only) 

VC0 

*lr-H 

[Ir2erj|CO)2(d#»)2] 

1915.1944 

19.03($)  * 

IIr2I2(M)2(<lpppf2] 

1950 

14.0(s)  • 

C'rZ"4»^£(C0)Z(«‘PM»)2l 

1945.1900 

2100,2190 

0.04(1), 7.47(1)  • 

■0.0  (t  of  d).  -10.7  (t  of  d)  (C0C13) 

JpH-cIf  *  13  Hi.  Jhh  ■  3  “f 

C|r2t,«I||co)2(l*W)2] 

1980 

2090.2160 

-0.74  (t  of  d).  -10.04  (t  of  d)  (COClj) 

J«K1,  •  13  Hi.  Jhh  •  3  hi 

tIr2«2*^(C0)2(<H>Pf>)2] 

1945,1980 

2100,2190 

-0.4.  -0.0.  -10.2.  -10.0  (dll  t  of  d)  (COClj) 

JPH-clt  ■  13  Hi.  Jhh  ■  3  Hi 

IrKCO^dppp) 

1955,2040 

-28.49(s)  * 

lrH2l(Cj^[d«>p) 

2042 

2105 

21 .9(d), 29.9(d)  4 
Jp.p-J0.52  Hz 

-1.27  Id  or  d.  Jm-trm  -  l20  HI.  Jm-cl,  •  <0  Hi).  -10.30  (a) 

(ceBc> 

IrHjtrlCOKdppp) 

iS 

2043 

2220 

-0.27  (d  of  d.  Jw.tr„,  -  120  HI.  .  10  HI).  -1 7.09  (.)  (C^«) 

lrllr(CO)  (dpp«) 

ii 

1980 

43.7(d), 47.9(d)  <1 

Jp.p-14  Hz 

lrl(C0)(dpp.) 

a 

1980 

64. 3(d), 62.21  d  6 

Jp.p-9.5  Hz 

Irttj.rlMKdpp.) 

2030 

2195 

33.8(d), 26.6(d)  4 

-4.00  (d  of  d  of  d  jp,^.,,  .  17  Hi.  J^troM  ■  130  Hi.  J*  -  4.0  Hi). 
-10.20  (.)  (COClj) 

lrHjl(CO)(dpp«) 

2040 

2160 

28. 06(d), 20.62(d)  • 

Jp.p-7  HZ 

-3.02  <d  •!  d  of  d.  Jj-,,,  -  17  Hi.  •  120  Hi.  J*  .  4.0  Hi. 

•16.27  (■)  (ac«oft*4_f) 

lrBr(CO^(dppd) 

1940,2040 

03.01(f)  d 

lrl(CO)|^dHM) 

1950,2040 

32.0(f)  0 

lrHj(CO^d|H>d) 

2010 

1940,2000,2060 

30.0(f)  0 

->.40  (d  of  d  of  d.  dpH-tronf  •  124  Hi.  Jpo-cl,  -  -12.2  Hi.  3hh  •  4.0  »), 
-10.00  (t.  diti.ct,  ■  19  HI)  ICfif) 

*r^3(c0J^dpp«) 

2030 

b 

■  '‘M(C0)?(dpp«) 

1913.1966 

2000 

33.0(f)  d 

-10.30  (t.  dp,.,,,  ■  41  HI)  (CfO,) 

t 
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Table  I  (continued) 


I,  |R  Spectra  were  recorded  on  a  Perkln-Elmer  467  6r#tfng  lnfrsr*4  Speclro- 
photometer.  All  spectra  were  taken  of  KB  pellets  except  for  )£,  £  and  jg> 
which  were  in  benzene  solution. 

b.  vjp.o  not  observed 

c.  All  proton  mar  spectra  recorded  on  a  Broker  WH-400  at  400.134  Wi. 

Positive  chemical  shifts  are  downfleld  from  TNS. 

d.  Measured  In  5  me  tubes  on  broker  MH-400  at  142  Wi.  Positive  chemical 
shifts  are  downfleld  from  Njpty  (external). 

e.  Measured  In  10  am  tubes  on  JeoT  PFT-100  spectrometer  at  41.25  HKz . 
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